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INJECTION SYSTEM FIX THE PROTON STORAGE RING AT LASL”)

Daniel U. Hudgings and Andrew J. Jason

Los Alamos Scientific Laboratory, Los Alamos, NM 87545 USA

ABSTRACT

The Proton Storage Ring at LAMPF will accumulate a high current of
800-MeV protons by multiturn charge-changing injection. An
WO-MeV neutral hydrogen atomic beam, formed by field ionization
of H- ions in a 1.8 T transverse magnetic field, will be
stripped to protons by a carbon foil. To minimize peak proton
current on the foil, the beam orbit will be deformed so that the
edge of the beam grazes the edge of the foil. As the beam diam-
eter grows, the orbit perturbation is decreased, vanishing at the
end of the accumulation cycle, The hardware requirements are
simple. Single-turn orbit deformation magnets are pulsed to peak
flelci and switched across power dissipation circuits that control
the field decay rate.

Stripping foil requirements and a rmsthod of calculating the
desired orbit dsformatlon are decribeo.

1. INTROOUCT113N

High-current 800-MeV protor beams will be accwnulated in the Proton Storage Ring

(PSR) at LASL by nultiturn charge-changing injection of H- ions from the LAMPF Iinac.

TWO males of operation will be used: a short-bunch mode in which six bunchrs of 1011

protons dre accumulate In 108 IJS, and a iong-bunch mode in which a Z70-ns bunch of

5.2 x 1013 protons 1)1s accumulated in 750 us . Peak current in the long-bunch nmde

is 46,3 A, with the injectio;l and extraction cycle repeated at a 12-pps rate.

A choppsr in the lo~-energy transport between the 750-kV injector and Al~arez linac

section at LAMPF prepares the beam in the required temporal format l). After decel-

eration to 81XI HeV the bem is switched into heavllline D and deflected frcrn line D into

the PSR injection Ilne by a kicker magnet and skewed d~pole. Figure 1 shows the rest of

the injection systm in sunmry form. Another skewed dipole directs tt,e b?am approxi-

mately Co]linear]y to the circulating bedm in the injection straight section of the PSR.

AchrfYndtic transport in the injection line is nchieved by focusing elanents that cause

cancellation of the Cllspersion of the twu bend mdgnets, Both the horizontal and vertical

phase ellipses rotate significantly in the drift space bet~~n the third quadruple and

second skewed dipole. This permits us to remove the nominally GaussIan edges of the

injected beam to the 3-o ICVF1 by strfpplng o!) a series of foil apertures. The unwantpd

stripped beam is deflected Into a beam dump by the skewed magnet, Progran’s!wd steering

mdgnets adjust the ion beam trajectory through a stripping magnet (which converts H- to

Ho) onto the stripping foil (which convertt H“ to H+). Unst~ipp@d Ho beam drifts

thrwgh a dipole magnet lntO a he&n dump. Progransned bunp magnets in the PSR radial

def~rm the closed orbit to control the profile of the accutnulatlng beam,

2. CHARGE CHANGING INJICTION—.— .

A novel tin-step charge-changing schme will be used for injection into the PSR7

Y

F!yurv 2 shws the l/e strippin9 length of 1300-MeV 1; Ions !S a function of magne~lc

fte)d in the laboratory fra!m of reference, as measured in a recent enperimnt at

LAPIPF3) and as calculated fran the r~sulti of Stinson, et al,4),

T
—— —

Work perfowd under the W5piCQS of the US Departwnt of Energy.



2

A-Sked Dipnle F-H”++ Stripper Foil

%

B-Injection Ltne Quadm~le (6) G-Ring Quadruple (20)
C-Sk@~d Dipole
D-H-+H Stripper Magnet !%r!;$!eH$l%mP
[-Circulating Bedtn Bump Fhgnet (4)

,.,..,
. ..’ .,.””..., ,.,, .’~.’.

Fig. 1. PSR injection system :,chematic.

Charge-changing Injection is necessary because the accumulation of bettm for many (300

to 300LIJ machine clrculat)on periods requires the brtghtnezs of the circulating beam to

exceed Lhdt of the Injected beam. Conventionally, this Is done by b)ending the injected

H- beam and the circulating }1+ beam (n a magnetic field and directtng them through a

I km
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Ffq. 2, I/e Lorentl $tr~P ing length
ReH- to Ho for W- V H- tons

as function of magn@tlc field.

stripptng foil. Because field striopinq of

t100-MeV H- ions is a significant efftvt

for bending radii less than 1?.8 m, this

mthod is difficult to implement for the

PSR , The ease with whirh the H- ton can

be Lorentz stripped is a problem In beam

transport, but can b? used to qreat advan-

tage. By stripping the H- !on besm to

neutral hydrogen in a strong transv~r~e

magnetic field, the beam can be passed

unperturbed through a ring dipole and focus

lng quadruple to the fo(i, which then

strips it to 11+, The Ho beam can b?

“painted” across the !tripping foil in the
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vertical direction during the injection cycle by pulsed steering magnets that precede the

stripping magnet. An increase in bean angular divergence, caused by the striPPin9

process, of < 1.6 mrad was measured in an experiment. at LAMPF using a simple dipole

magnet3). A smaller divergence increase snould be achiev-,ble using the special
2)designed magnet intended for the PSR injection system .

3. STRIPPING FOIL CONSIDERATIONS

A carbon foil will strip tne Ho beam to protons. The parameters considered

selecting foil thickness were beam emittance g,owth from multiple scattering in the foi

Y

n

foil Ilfet ime, stripping efficiency, and the release of radioactive mat?rial from the

fol 1, A mioimurn foil thickness of -200 ug cm-2 1s required for at least 95% stripping

~tficien~y, to limit the beam abs~rbed in the neutral beam dump to 5bA. For this foil

thickness the other parameters are acceptable. Less than one part in 1012 of the cir-

culating bemn is l~st because of elastic scattering. Inelastic scattering results in

losses of ’30 n~ in the ~egio)} ;nmediate ly downstream of the foi 1. Foil activation in

long-pulse service is summarized in Tdb]e 1,

Foil heating rate is determined by the circulating beam-current density on the foil.

The characteristic time for tknperdture decredse by thermal radiat ton, the only

Signlflcant heat-loss mchanism, is ccveral times the 750-BS beam accumulation period,

Thus the foil’! p~ak temperature 1s largely independent of thickness, and depends only on

its sbeclflc heat, differential stopping power, and the beam-current density. For thf

injaction programing schem described below, the pearn foil temperature should be -120@”C.

Radlatlor damage may be the key fdctor limiting foil lifetime, Odmdge e~timates

P~@dict mlnlmum lifeti~s of hmrs for suitably prepared foils. Fcils wII1 be mounted on

frdrnes in a device thdt permit~ mltomatic dnd rapid replacement of dmnaged units,

4. PHASE-SPACE CONrROL

An advantage of imltiturn beam accumulation Is that the transverse phase-spacp

distribution of the bean can be controlled by steering the injected ‘,.&m and the

Clrcu]at}ng beam or, ‘he stripping foil,

Injected beam 1s accwnulated on the surface of t6e circulating beam. This hd$ the

advantage of zero closed orbit perturbation dt the ●nd of the injection cycle, when the

a~cunuldted bean and resultant tune shifts are greatezt, The fOil interSeC~S Only d

fraction of the X-X’ phase-space projection of the bedm dnd thus is struck by each stored

,Wotc,, Only in a frdction of its

lablp 1 circuit! around the ring, Thi$

Carbon Str~piny Foil Activat~on for i?-hour ~ervice-..—— — —. ..__ .—.. proce$s is i]]u$trdt@d in Fig, J,-—— .-

which shows thr h-X’ phase space

Hal f-lif~ ?-hr, A~i~~tion occupied by tht! b~m n~dr lh~.-—

beginni~y and at the end of th~
cl] 20 min 0.37 C( accwnulation period,

H3 12.3 yrs 3,2 QCI MaI!! accwnulation can be

Be7 53,4 ddys 130 PC! der.cribed by a Green’s function

method, Assuning an irrational
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Fla. 3. Beam Accumulation: J&!.
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(A~ Near beginning of accumulation period with %

circulating beam displaced toward foil.
(B) End of accumulation period, circillating beam Fig. 4. Green’s function for

centered on unperturbed equilibrium. bem accumulation,

horizontal tune so that spatially impulsive injection distributes beam uniformly into a

narrow annulus in the X-X’ projection of the beam phase space, the appropriate Green’s

function TS

G(x,r) = (1/w) (C2- X2)-1/2 [H(’ - X) -H(-E - X)] (1)

where H is the Hea\ iside step function and the variable ‘, is the x-cm!ponent of the injec-

tion radius relative to the beam axis. This is illustrated in Fig. 4 The beam

distribution shown in Fig. 5 1S obtain~ fol

L(t) ■ Xmax (l-t/tmax )1/2 H(t) H(tma, - t) (?)

where XMd,, is the half-width of the fully accumulated beam and tma, is the accumulation

time. Rapid injected beam nmvement near the center of .sccumulated beam, as ts the case

for Lq, 2, 1s necessary t.o avoid beam pileup. This typo of analysis has been extended to

blvar late distributions an, finite lllj$JCtiOn spot size.

Beam profile alsu can be controlled by programnlng the vertical siz~ of tile injerted

beam sput or] the stripping foIl, which, along with the bump magnat system, permtts sl-

mulla!leuu$ -olltrol of both transverse canponents of the distribution, T4is function 1$

prowld~d by the final quadtupul~ in the PSR injection line.

B

Fig, 5. Be&m..bunp~ng program (A) produces bemn dlstribut!m (0),
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Fig, 6. Pulred power supply for bump magnets. Loss elements are switched in after peak
of field is passed, to control rate of field decay. Thyristor trigger elements
are not shown.

Figure 6 shows a schematic of a pulsed power supply for driving the singl~-turn bump

magnets that deform the closed orbit. The energy stored in capacitor C i5 switched

through transformer T Into the field of the magnet. Energy dissipation elements are

switched across the primary side of the transformer t@ control the rate of field decay.

The transformer, which permits switch operation at a practical impedance level, is a

low inductance type deve?oped
5)

for controlling a plasma pinch device . The swltch~$

are thyristors. For energy dissipation elements we have used resistors in series with

zener diodes or zener diode/power transistor combinations. A tenth-scale model using an

active feedback circuit and power translst( s for the dissipative element was tested

successfully, but no full-seal? activtly regulated circuit has yet been tried.

5. CONCLUSION— -

We have designed an injectioc system for the PSR that utillzes the best feature! of a

unique asset: an 800-MeV H- ‘~n injector. The high beam energy makes possible neutral

be&m injection. Neu.r~l injprt ion and the IW anittance of the !njected beam permit

multiturn beam accumulation hltll low ]0ss and pr~cise control of the circulating beam

profile. The dbillty to change (,,~sllythe beam distribution function in the PSR should

mdke it an attractive test bed for investlgdtlng h~gh-current accumulation in a Drc,tnrl

stordge ring.
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